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本研究首先在摇瓶条件下对生物絮凝剂高产菌株 Bacillus licheniformis 






养基组成为：葡萄糖 13.90 g/L，尿素 2.67 g/L，MgSO4 0.048 g/L，酵母膏 0.6 g/L，
KH2PO4 5.6 g/L，K2HPO4 1.4 g/L，NaCl 2 g/L，初始 pH 7.2。在 37 °C，200 rpm
培养 56 h，发酵液絮凝活性可达 2946 U/mL，比优化前提高了 129.4%，而发酵
培养基成本比优化前降低了 46.30%。 
    2）在 2 L 发酵罐上进行 B. licheniformis 放大培养和生物絮凝剂发酵工艺研
究。固定转速 200 rpm、通气量 2 vvm、发酵 68 h，菌体浓度最高为 3.94，发酵
液絮凝活性 1010 U/mL；转速与溶氧关联，控制溶氧 30%、通气量 2 vvm，发酵
44 h，菌体浓度最高达到 7.39，絮凝活性最高达到 2967 U/mL；控制溶氧 60%、
通气量 3 vvm，发酵 16 h 菌体浓度最高达到 7.224，而絮凝活性降低为 1024 U/mL。
可见，溶氧对于菌体生长和生物絮凝剂的合成都有较大影响。 
    3）利用有机溶剂沉淀法对生物絮凝剂进行初步分离，经鉴定其主要成分为


















ppm，此时蔗汁的色值、浊度、沉降时间及糖的纯度分别为 1226 IU、164 IU、
9.7 min 及 85.3%。其处理效果与聚丙烯酰胺（PAM）具有可比性。 
















Bioflocculant not only has the chemical flocculating properties, but also has its 
unique advantages, such as easy biodegradation, non-toxicity, etc. Reducing the 
production cost, enhancing the flocculation activity and improving yield of 
bioflocculant are the key to its large scale industrial application. 
In this research, the culture conditions of an effective bioflocculant producing 
strain Bacillus licheniformis CGMCC 2876 were statistically optimized in shaking 
flask conditions firstly. On the basis of the optimized medium, the Bacillus 
licheniformis was cultivated in a bioreactor with volume of 2 L for scaling up and 
fermentation process of bioflocculant was established. The main components and 
physico-chemical properties of bioflocculant were analyzed and the bioflocculant  
showed excellent application performance on sugar-making production lines finally. 
The main contents of article were as follow: 
1) The effects of culture time, initial pH, temperature, inoculum size, carbon, 
nitrogen sources and metal ions on bioflocculant production were investigated by 
single factorial design. Medium components were then optimized by Plackett-Burman 
design and response surface methodology analysis and the optimal culture conditions 
were determined as follow. Glucose 13.90 g/L, Urea 2.67 g/L, MgSO4 0.048 g/L, 
Yeast extraction 0.6 g/L, KH2PO4 5.6 g/L, K2HPO4 1.4 g/L, NaCl 2 g/L. Meanwhile, 
the desirable culture time was 56 hours at the culture temperature 37 °C with the 
initial pH 7.2 and the rotation speed 200 rpm. Under the above conditions, the 
flocculating activity of the fermentation broth could reach as high as 2946 U mL
-1
, 
129.4% higher than the original medium. The cost of the fermentation medium was 
reduced by 46.30%. 
2) Bacillus licheniformis was cultivated in a bioreactor with a volume of 2 L for 
scaling up and fermentation process of bioflocculant was studied. Controlling the 
rotation speed of 200 rpm, ventilation of 2 vvm and cultivation of 68 h, the highest 

















 and 3.94, respectively. Controlling the dissolved oxygen (DO) 30% and keeping 
ventilation 2 vvm and cultivating 44 h, the highest flocculating activity and the cell 
concentration (OD600) reached 2967 U/mL and 7.39, respectively. When controlling 
the DO 60% and keeping ventilation 3 vvm and cultivating 16 h, the highest 
flocculating activity and cell concentration were only 1024 U mL
-1 
and 7.224. 
Therefore, the dissolved oxygen not only had great effect on cell growth, but also on 
the synthesis of bioflocculant. 
3) Preliminary separation of bioflocculant was carried out by organic solvent 
precipitation and it revealed that the bioflocculant was composed of 56.7% 
carbohydrate and 34.3% protein (wt/wt). High temperature of 100 °C had some 
nagative impact on the flocculating activity of bioflocculant. Acidic and neutral 
environment were more conducive to flocculation activity of biofloccuant, while 
alkaline environment had great impact on the flocculation activity. It had no obvious 
impact of protease and protein denaturation on the flocculating activity of 
bioflocculant. 
4) Processing sugarcane mixed juice with bioflocculant on sugar production lines, 
the optimal added quantity of bioflocculant was 4.8 ppm. The colour, turbidity and 
sedimentation time of sugarcane juice and purity of suger were 1226 IU、164 IU、9.7 
min and 85.3%, respectively. The treatment effect of bioflocculant was comparable to 
the PAM. 
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